Porous coordination polymers (PCPs) or metal-organic frameworks (MOFs) with a flexible structure have attracted much attention because they show unique adsorption isotherms. A typical feature of their adsorption behaviors lies in a stepwise uptake of guest molecules at a certain pressure and a guest release at a far lower pressure than that required for the uptake, resulting in a wide adsorption−desorption hysteresis. However, the mechanism of the phenomenon ("gate adsorption") remains unresolved, and thus microscopic analysis is strongly required to establish a guideline for the tailored synthesis of flexible frameworks. As the first target for the exploration, we started with the mutually interpenetrating structure of two frameworks, each resembling a jungle-gym (JG) 1 as shown in Fig.1 , for which the guest-induced transition was examined experimentally in literature. The constituent molecule of the rods is LJ-benzene, while the fluid (guest) molecule used is LJ-methane.
As the first target for the exploration, we started with the mutually interpenetrating structure of two frameworks, each resembling a jungle-gym (JG) 1 as shown in Fig.1 , for which the guest-induced transition was examined experimentally in literature. The constituent molecule of the rods is LJ-benzene, while the fluid (guest) molecule used is LJ-methane.
We carried out GCMC simulations for varied relative positions for (or the gap between) the two interpenetrating JGs at a given chemical potential μ of LJ-methane. On the basis of a series of the equilibrium simulations, we obtained the landscape of the total free energy of the system by integrating the mean force acting on a JG from surroundings against its movement along a certain transition coordinate. The calculated grand free energy profiles are shown in Fig.2 for four different relative pressures of LJ-methane. For a reasonably low pressure of p/p s = 0.015, the free energy increases against the approach of two JGs because the steric repulsion is dominant between the rods of the JG framework. This results in the global minimum state for the closed state. For a higher pressure of p/p s = 0.037, a local minimum appears around the displacement of 0.25, at which the framework has space available for LJ-methane adsorption, as if the gate is "open." A further pressure increase naturally increases the adsorbed amount to make the open configuration more stable, and finally turns the global minimum into the open configuration (p/p s = 0.075) after the equilibrium between two configurations at p/p s = 0.045. The equilibrium adsorption isotherm should follow a line tracing the adsorption amount at the global minimum against varied relative pressures. Thus, the switch of the global minimum in the free energy profile naturally yields a stepwise isotherm, as shown by the dotted line in Fig.3 , involving an adsorption-induced structural transition. This is determined by the balance between two conflicting contributions: the penalty in creating the adsorption space by the approach between two JGs and the stabilization given by the adsorption of guest molecules. Further, a hysteretic isotherm can be drawn by setting a threshold height for the energy barrier between the minima that the system can overcome, an example of which is shown in Fig.3 , demonstrating that the existence of the energy barrier between two minima must be the origin of hysteretic isotherms specific to the gate adsorption phenomenon. 
